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Abstract

The Acoustic Zooplankton and Fish Profiler (AZFP) is a multi-frequency scientific echosounder designed for long-
term autonomous monitoring of zooplankton, fish, and other acoustic scatterers(see Fig. 1). Field deployments have
indicated that backscatter measured on the 38 kHz AZFP channel can appear systematically lower than
measurements from other echosounders operating at similar frequencies. Standard AZFP calibrations using
referencetargetsare performedatrelatively strongecholevels nearthe top of the dynamicrange. Routinelaboratory
linearity checks similarly focus on mid- to high-level signals and assume linear behavior at lower levels by
extrapolation. Many biologically relevant targets produce weak echoes that fall in the lower half of the receiver
dynamic range, near the noise floor. In this study, we directly measured the receiver linearity of the 38 kHz channel
down to very low signal levels using calibrated acoustic sources, precision attenuation, and improved low-noise
laboratory conditions. Results show a measurable deviation from linearity at low signal levels, leading to
underestimation of weak volume backscatter (Sv). Engineering modifications were implemented to address this
effect, and post-modificationtestingdemonstrateslinear performance acrossthe fulldynamicrange.

1. Motivation

Accurate measurement of acoustic backscatter at 38 kHz is
essential for quantifying fish and other larger scatterers in
AZFP datasets. Users have reported deployments in which
the 38 kHz channel appears weaker than expected when
compared with other instruments deployed at the same
sites. While high-level calibration results are stable and
repeatable, uncertainty remainsregarding receiver behavior
at low signal levels typical of diffuse fish aggregations or
weak scattering layers. Because many long-term ecological
analyses rely on low-Sv measurements and multi-frequency
comparisons, even small systematic biases at low signal
levels can affect interpretation. This study addresses the
question of whether the 38 kHz AZFP receiver response
remainslinearnearthenoisefloor.

2. AZFP Receiver Signal Chain

Echoes received by the AZFP transducer are amplified,
band-pass filtered, and passed to a logarithmic detector
(see Fig. 2). The detector output is a DC voltage that is Amplifier Generator
intended to vary linearly with the input signal levels over a /] JW\[L ;
wide dynamic range. This voltage is digitized using a 16-bit s I s o N :
analog-to-digital converter (ADC). Accurate conversion of ) =

ADC counts to acoustic backscatter strength depends on & |<_R=;_,| N v - atogu |V
the detector and associated electronics maintaining linear Amotication o l
behavior across the operating range. In practice, electronic & Bandpass Filter N
noise limits the usable dynamic range to approximately
80-90 dB. Calibration with a reference sphere is performed
at relatively high signal levels, where signal-to-noise ratio is

strong.

3. Limitation of Conventional Linearity Checks

Traditional linearity assessments are constrained by laboratory noise and therefore emphasize higher signal levels.
Measurements at low levels are often unstable or masked by interference, leading to reliance on extrapolation from
mid-range data. As aresult, the lowest portion of the dynamic range—most relevant for weak biological targets—has
historically been under-characterized. Field comparisons with other echosounders suggested that this assumption
of low-levellinearity may not be valid forthe 38 kHz channel.

4. Methods

The objective of this study was to directly measure receiver response from near saturation down to just above the
intrinsic noise floor. To reduce environmental noise, measurements were moved from an indoor tank environment
(see Fig. 3) to an outdoor tank with significantly lower electrical interference (see Fig. 4). This change reduced the
effective noise floor and allowed measurements approximately 20 dB lower than previously possible. Calibrated
acoustic projectors, precision attenuators, and automated 1dB signal-level controls were used to sweep thereceiver
response across the full operating range. Particular emphasis was placed on signal levels representative of
autonomous field deployments. ChatGPT (OpenAl) was used to assist with brainstorming technical issues related to
receiver electronics and to support organization and language editing of this poster. No Al tools were used for data
collection, data analysis, or generation of results. All Al-generated text was critically reviewed and edited by the
authors, who take full responsibility for the content.

Figure 1: AZFP, AZFP-nano and AZFP-pico
with echogram.
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Figure 2: Simplified block diagram of the
instrument signal path.
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Figure 4: Outside tank with signal
generator and projector.

Figure 3: Inside tank with signal
generator and projector.

5. Results

The measurements reveal a consistent deviation from linearity at low signal levels. Below approximately 30,000 ADC
counts, receiver output is lower than expected based on linear extrapolation from higher levels (see Fig. 5). This
behavior results in systematic underestimation of weak volume backscatter(Sv), where Sv represents the fraction of
transmitted acoustic energy scattered back toward the receiver by targets distributed throughout a sampled volume.
While the effect is small in absolute terms, it is significant for applications involving weak scattering layers, low fish
densities, orlong-termtrendanalysis.
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Figure 5: Graph showing collected data for the
38 kHz before correction.

Figure 6: Graph showing collected data for the
38 kHz after correction.

6. Engineering Investigation and Mitigation

Following identification of the low-level non-linearity, a detailed engineering investigation of the receiver electronics
was conducted, including circuit analysis, simulation, and targeted component modifications. The goal was to
eliminate the observed low-level bias without altering high-level performance or calibration stability.
Post-modification testing demonstrates linear receiver behavior across the full dynamic range, including levels just
above the noise floor(see Fig. 6). This confirms that the observed non-linearity was due to specific electronic effects
ratherthanafundamental limitation of the detector concept.

7. Implications for Users

Improved low-level linearity increases confidence in 38 kHz measurements from autonomous AZFP deployments,
particularly for weak targets and multi-frequency analyses. Users are encouraged to consider low-level receiver
behavior when interpreting historical datasets. Where necessary, compensation based on measured response
curves may improve consistency across instruments and deployments full dynamic range, improving confidence in
measurements fromlong-termautonomous observations.

8. Conclusions

Receiver linearity near the noise floor cannot be assumed based solely on high-level calibration results. Direct low-
level characterization is essential for detecting biases that can influence ecological interpretation. Updated AZFP
electronics now provide linear performance across the full dynamic range, improving the reliability of long-term
autonomousacoustic observations.
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